High density lipoprotein cholesterol (HDL-C) has been proposed as an important independent risk indicator for ischaemic heart disease in menl3 and in women.4 In contrast with total cholesterol (T-C) little is known about its determinants, particularly those related to diet. The object of the present study was to compare the determinants of HDL-C with those of T-C.
Method STUDY POPULATION
A random sample of 894 women aged 18-69 was drawn from the electoral register for a defined geographical area in South Wales (population 38 000) centred on a light-industrial town. These were invited to attend a local clinic for a clinical examination. Nine who were pregnant were excluded from the final sample. QUESTIONNAIRE A brief medical history was taken from each subject. All married or engaged women were asked about their present or past use of oral contraceptives. Some familial factors that may be inherited were also investigated. Family history of ischaemic heart disease was ranked strongly positive if any first-degree relative was reported to have had a first event before the age of 55 years, weakly positive if over 55 but before 65, and negative if no such history was reported. Longevity was ranked as follows: 2 = both parents surviving to at least 80, 1 = one parent surviving to 80, and 0 = neither parent surviving to or having yet reached 80.
PHYSICAL EXAMINATION
Anthropometric measurements made by one of three trained observers included height using a Holtain stadiometer, weight in light clothing using an accurate beam balance, and skinfold thickness at four sites using a Harpenden skinfold caliper. Blood pressure was taken using a Hawksley random zero sphygmomanometer by one of two trained observers.
Subjects were seen at daytime and evening clinics from September 1978 to February 1979; 115 subjects were seen at home from March to July 1979. A venous blood sample was taken from each subject with minimum venous stasis.
Before the clinic appointments a six-hour fast had been requested of each subject. The period between each subject's last meal and the appointment was noted. Subjects who had had a meal within six hours of the appointment were termed non-fasting. LIPID 
ESTIMATIONS
Ten millilitres of venous blood were collected into containers with EDTA and plasma was separated, usually within 30 minutes of collection. Plasma was maintained at 4°C and precipitation of LDL and VLDL cholesterol was done within 12 hours of collection (and usually within six hours) by the use of sodium heparin/MnCl2 (46 mM) by the method of J W G Yarnell, Janet Milbank, Caroline L Walker, Ann M Fehily, and T M Hayes Burstein.5 HDL-C and T-C were estimated on supernatant and whole plasma respectively by the use of the Liebermann-Burchard reaction (after Watson6). During the course of the study strict quality control was maintained by the use of pooled plasma standards, duplicate samples presented "blindly" to the laboratory, and consecutive samples taken from 15 healthy volunteers on five occasions over a period of three months. The overall coefficient of variation on the 26 pairs of duplicate samples was 6 1% for HDL-C and 4-2% for T-C. The total within-subject variation on the 15 volunteers was 11-9% for HDL-C and 13*9% for T-C. These latter estimates include the laboratory variation in addition to the intra-subject variation. Smoking habit is most common in the age group 35-54, but the number of cigarettes smoked by associations. Only fatty fish consumption, alcohol intake, and use of vegetable oil appear to be positively associated with this lipid parameter. Table 5 summarises the results of a series -of multiple regression analyses.
Smoking habit and alcohol consumption together explain 4-4% of the total variance in the case of HDL-C, but the effects of the variables are in different directions. The remaining variables Table 5 Accumulative proportion of variance explained for HDL-C, T-C, and HDL-C% by associated variables J W G Yarnell, Janet Milbank, Caroline L Walker, Ann M Fehily, and T M Hayes tabulated explain only a further 3 6% of the variance and a further seven variables initially included in the multiple regression on the strength of their univariate associations with HDL-C explained only a further 1 0% of the total variance. In the case of T-C age explained 16*4% of the total variance. The three additional variables tabulated explained an additional 1 2% of the variance. An additional eight variables not tabulated explained only a further 0 7% of the variance. The HDL-C% was explained to the extent of 104% of the total variance by age, and sucrose consumption explained an additional 1 8% of the variance. In addition to the variables tabulated a further 12 explained only an additional 0-8% of the variance.
Discussion
One of the principle objectives of this study was to examine the dietary determinants of HDL-C. Examination of table 1 indicates that intake of certain nutrients and foods was subject to wide fluctuations between individuals (large standard deviations) within this population defined by geographical area. Although most intakes of nutrient are within the range expected from other data,8 estimates for the intake of fat and fibre are higher than those reported elsewhere. This may be due to an overestimate of the relevant portion sizes in this sample of women. This is unlikely, however, to invalidate comparisons of women with high and low intakes of these nutrients. Methodological problems associated with the collection of nutritional data have been reviewed extensively."2 13
In the multiple regression analyses (table 4) several orderings of the independent variables were used to test the consistency of the important variables. Variables such as use of oral contraceptives, which has a very small non-significant negative association with HDL-C in our data, were included in the initial regressions. Exclusion of non-fasting subjects made no difference to the ordering of the final regressions.
The association between smoking habit and HDL-C has been reported in many studies""'6 and may be dose-dependent.17 This effect was also noted in the present data. In family studies longevity is associated with a-lipoproteinaemia.'8 A family history of ischaemic heart disease is associated with increased risk of this condition. '9 No direct assessment of physical activity was made in this study, although raised plasma concentrations of HDL-C have been shown in certain groups of men reporting fairly strenuous physical activity.2021 In the present population women as a group do not experience such a wide range of physical activity as do the men. In our data, after adjustment for smoking habit, there was little correlation between leanness (closely associated with physical activity20) and HDL-C. The negative association between sucrose consumption and HDL-C has been reported tentatively,22 but these investigators did not report findings with respect to T-C. In our data these associations were positive, which had the effect of potentiating the negative association with HDL-C%. Sucrose consumption expressed either as grams per week or as percentage total calories showed similar associations.
Questionnaire data are usually quoted to substantiate the numerously reported associations between alcohol consumption and HDL-C,22-24 and similarly it seems reasonable to assume that fish-eating is a regular although infrequent dietary habit. A possible mechanism for this association is the high proportion of polyunsaturated fatty acids contained in fatty fish.8 Experimental fish diets can raise plasma concentrations of HDL-C,2' but the present findings raise the possibility that even modest consumption of fatty fish may be associated with higher than average levels of HDL-C.
Finally, it should be noted that the major proportion of the variance in the case of HDL-C remains unexplained by the variables under consideration in this study. Even smoking habit and alcohol consumption explain only a small proportion of the variance in our data but, by contrast with total cholesterol where age explains 16% of the variance, nutrient and food data do provide a small glimmer of encouragement for those who wish to attempt dietary treatments to alter plasma concentrations of HDL-C.
